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USE OF BLENDS OF MANNICH ACRYLAMIDE POLYMERS AND DIMETHYLDIALLYLAMMON1UM HALIDE 
POLYMERS FOR FLOCCULATING ENZYME BROTH STREAMS 



Background of the Invention 

The production of enzymes by fermentation has been carried out for many years. Fermentation is 
usually carried out in stainless steel equipment i.e. mixing and blending tanks, and seed and main 

s fermentators. Constant temperature, automatic foam and pH controllers and air purifiers are employed since 
the absence of foreign microorganisms is essential. Tap water is generally combined with the media 
ingredients and enzyme recovery begins as soon as fermentation is terminated. The medium is cooled and 
centrifuges are used to remove bacteria and large insolubles from the supernatant followed by filters to 
separate smaller particles. Enzyme is concentrated and removed from the filtrate by the addition of a 

70 precipitating agent. The precipitate is then further treated by additional filtering and drying etc. and is then 
standardized such as by using sodium chloride. 

Proteases are enzymes which have been found to be particularly useful in industrial areas including 
cheese making, meat tenderizing, bread baking, beer haze elementation, digestive aid preparations, 
garment cleaning, pharmaceutical preparation and the like. Those proteases produced by cultivation can be 

75 used as food additives. 

Characteristic of the protease enzyme broth is the formation of a suspension that does not settle. Upon 
centrifugation of a sample in a test tube, solids will be deposited in the lower 70% of the test tube and only 
the upper 30% of the tube will be clear supernatant solution. 

One of the most difficult problems involving enzyme production is the isolation of the enzyme from its 

20 broth. Although many flocculating agents have been used for the precipitation of enzyme broths, most have 
suffered from some disability which renders the agent less attractive commercially. Examples of flocculants 
used commercially include epichlorohydrin-dimethylamine condensation products cross-linked with 
diethylenetriamine/dicyanamide; Mannich acrylamide polymers and polydimethyldiallylammonium halides. 
These additives, although tolerable, ofttimes fail to result in the isolation of the enzyme sufficiently e.g. the 

25 solids are not compacted; the supernatant has poor clarity, etc. Thus, the search for more effective 
flocculants is continuing and the discovery of useful materials which do not suffer from the deficiencies of 
the existing commercial flocculants would satisfy a long felt industrial need. 

Summary Of The Invention 
^ _____ — _ ~ 

The present invention relates to a process for precipitating aqueous enzyme broths comprising using, 
as the flocculating agent, a blend of a Mannich acrylamide polymer and a diallyidimethylammonium halide 
polymer, which blend has been found to provide more effective flocculation of precipitate than either of 
these known flocculants alone. 

35 

Description Of The Invention Including Preferred Embodiments 



This invention relates to a process for precipitating an aqueous enzyme broth which comprises adding 
to said broth a flocculant comprising a blend of 1) a Mannich acrylamide polymer and 2) a dimethyldial- 

40 lylammonium halide polymer. 

The blends are composed of the two polymers 1); 2) in a ratio of 3:1 to 1:30, by weight, real polymer 
solids, respectively, preferably 1:1.5 to 1:7, respectively. 

The Mannich acrylamide polymers are generally well known in the art, examples thereof being 
disclosed in U.S. Patent No. 4,137,164, hereby incorporated herein by reference. Generally, these polymers 

45 are homopolymers of acrylamide or copolymers thereof with such commoners as acrylonitrile, 
methacrylamide, acrylic acid etc. in amounts up to about 50%, preferably 5-50% of the resultant copolymer. 
The polymers have molecular weights ranging from about 10,000 to about 3,000,000 and are chemically 
modified to provide dimethylaminomethyl groups to the extent that the polymer contains 25-100 mol 
percent of these groups, preferably at least 40 mol percent. 

so The dimethyldiallylammonium halide (DADM) polymers are likewise known in the art, examples thereof 
being disclosed in U.S. Patent No. 4,092,467, hereby incorporated herein by reference. These polymers are 
homopolymers of DADM or copolymers thereof with such monomers as acrylamide. vinyl pyrrolidone, etc. 
in amounts up to about 20% of the resultant polymer. These polymers have Intrinsic Viscosities ranging 
from about 0.1-4.00 deciliters per gram. The halide can be chloride, fluoride, bromide or iodide. 
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The polymer blend may be added to the enzyme broth as such or the two polymers may be added 
individually but as near the same time as possible, since the enhanced benefit of the polymers is attributed 
to their presence in the broth coincidentally. The amount of the blend added to the broth is that effective to 
produce the clearest supernatant and achieve the highest solid compaction as possible. Generally, amounts 
5 ranging from about 10 to 100 grams of polymer blend per liter of broth, preferably from about 25-75 grams 
per liter, is effective, although higher or lower amounts may be useful in specific instances. 

The following examples are set forth for purposes of illustration only and are not to be construed as 
limitations on the present invention. Products A and B are set forth in the following tables, with respect to 
the amounts employed, as 0.065% aqueous polymer solutions while Product C is expressed as a 20.0% 
10 aqueous polymer solution. Clarity is measured by UV absorbance at 660 microns. 

In the following examples, the Mannich acrylamide polymers employed are each Mannich 
polyacrylarnide of 70% aminomethylation and are further designated as follows: 

Brookfield Viscosity-cp s 
26,000-34,000 
34 ,000-46,000 

20 The dimethyldiallylammonium halide polymer is polydimethyldiallyammonium chloride further des- 
ignated as follows: 

Product Percent Solids Intrinsic Viscositv-cps 

25 C 19.5-20.5 2.0-3.5 

In order to test the effectiveness of various polymers in flocculating enzyme broths, the following test 
procedure is utilized: To 5ml of broth in a 15ml clinical, graduated centrifuge tube are added 5ml. samples 

30 of various concentrations of the polymer solutions. Each sample is mixed by inverting the stoppered clinical 
tube 20 times, the clinical tube is then centrifuged for 5 minutes and the volume of the compacted enzyme 
is visually measured. The lower the value, the better. In addition, the clarity of the supernatant is measured 
by UV absorbance at 660 microns. A value of 0.3-0.4% is acceptable and below 0.1 is superior. 

Table I is a measure of the effect of single polymer flocculants on the precipitation of enzyme broths. It 

35 is a comparative table showing that although Products A, B and/or C individually may perform effectively 
with regard to compaction (% volume solids) or clarity, the flocculants alone fail to perform satisfactorily as 
regards both criteria. 



Product Percent Solids 

A 5.9-6.4% 
B 5.5-6.1 
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Table II reflects the unexpectedly superior result achieved when using blends of C and B polymers on 
55 an enzyme broth. As can be seen, in this instance, as the blend approaches a 1/3 mixture, the compaction 
and the clarity are drastically improved. 
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Examples 14-20 of the Table 111 represent comparative results as in Table II using Product A instead of 
55 Product B. As can be seen, the blends result in clarities superior to either polymer alone. The compaction 
values are not as good for the blends as Product A alone; however, the excellent overall results achieved by 
the blends are clearly shown. 

In Examples 21-26 varying ratios of Product B to Product C are shown to be excellent as the level of 
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Polymer B increases, especially with regard to the compaction. Example 24, at 35 g/l results in the 
outstanding value of 0.069 with a compaction value of 20. 

The blends of A/C and B/C (Examples 27-32) show exceptional clarity in conjunction with acceptable 
compaction, compare Example 9. 
5 Examples 33-43 form further support for the unexpected synergistic results achieved by the blends in 
that compaction falls well within the accepted range and increasingly superior clarity at dosage of 10-20 g/l 
are set forth. 

An enzyme fermentation broth is treated in Examples 44-52 with the benefits of the polymer blends 
being clearly evident. Examples 53-62 reflect the same inventive trend. 
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Table IV reflects the results of increasing the polymer blend dosage rate in Examples 63-72. As can be 
seen, upon treating an enzyme fermentation broth, increased blend dosages results in magnificent clarity 
55 values as low as 0.018 although compaction values are somewhat sacrificed. 

In Examples 73-81, an enzyme broth is treated and at rather low dosage rates, the combined 
compaction/clarity values are considered acceptable. 
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The effects of mixing are shown in Table V. An enzyme broth is treated with the blends, the clinical test 
55 tube being inverted from 10 to 100 times in Examples 82 and 83. As can be seen, undue agitation appears 
to deleteriously affect mechanical break-up of flocculated particles, leading to the creation of many fines. 
The same trend can be seen in Examples 84-89, in Examples 90-95 and in Examples 96-107. 
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The broad effects of the blends of polymers of the present Invention on an enzyme broth Is shown in 
Table VI. The overall tread again supports the unique results achieved by said blends. 



29 



BNSDCCID: <EP 0446926A2_I_> 



EP 0 448 926 A2 





-P cn 




c c 


O 


<o o 




-p ^ 


>i <0 o 


-p 


C -H 








<I) 


<0 




iH 




O 


CO vo 



o o\ oo ^ co 

OJ H H H 



If) CO O OJ CTl 

m n cn «— l o 



o\ to cm cm 

rlHtDVOO 
HHOHC1 



cr» ^ co vd in 

WVOHOH 
CJ O H H OJ 



o o o o o 



ooooo ooooo 



o o o o o 



70 



75 



20 



25 



f— I 

> 

[0 

•J 

< 



O 
-P 

a 

<0 



a m 



O 

a 

c 
o 

u 

<D 

<w 
< 



30 



35 



in 
> 

o 

-H 
-P 

C 
03 
c-H 

C5 



O 

a* 



o 

CO 
-P 

c 

cd 
hP 
«3 
C 
5-f 

<u 
p 

co 

O 
> 
-H 

i — ( 

a 

t3 
c 
ra 



0) w 

0 4J g cn 

4JS> O 

C C/3 

gj in <*> 
o 



40 



45 



O <D 

• 3 
OHO 



> 
c 



-P 

c 

CO 

\ 2 

cn o 
o 
o 



-p 
as 



m 

eg n • cm CM 

CM CM CM CM CM 
CM 



in in to 

rr cn • • ♦ 

CM CM CM CM CM 

CM CM CM 



m m m 
• • m • 
cm ^ cm in 

CM CM CM 



in in 
in . so t> - 
cm in cm cm co 

CM CM 



ooooo 



ooooo 



ooooo 



ooooo 



VO CO O CM T 
.-t *H CM CM CM 



\0 CO O CM 
f— I «H CM CM CM 



VO CO O CM ^ 
HHCICMCJ 



VO CO O CM 
f— I t-H CM OJ CM 



CI 



-p 




c: 




c0 




r— i 


O 


a 


\ 


u 




u 




o 




t— 4 




Cu 





o 



a 



50 



X o 



co 
o 



o 



55 



30 



BNSDOCID: <EP 0448926A2J_> 



EP 0 448 926 A2 



jj in 
o o 

-H M £ 

u o 

U W VD 



n H V) 
CM O O O O 
H HH H O 

o o o o o 



O CM VO tH in 

vd co in o m 

co n m cm 

o o o o o 



to co co r- 

VO CO CM CM rH 
O O O O O 



r- vo cm vo o 

in o> VD VO H 

O O O O rH 

o o o o o 



o\ o\ cx\ o o 
cm cm cm cn en 



in 

o • o o o 

CM O CM CM CM 
CM 



in m 

- CM CM • CM 

rH CM CM CM CM 
CM CM 



in 

CM rH • CM CM 
CM CM CM CM CM 
CM 



O O O O 



O O O O O 
^ NT V ^ 



o o o o o 
t t «*• 



o o o o o 
^j- 



rH rH CM CM CM 



rH rH CM CM CM 



VO CO O CM 
rH rH CM CM CM 



lO CO O CM 
i-H rH CM CM CM 






31 



EP 0 448 926 A2 




00 H C5 M (Ti 

vo vo iH 
o o o o o 



cm in en in 
co \o m 

rH rH «H rH iH 



O O O O O 



o o o o o 



10 



15 



2 -p 

•H C 

n 

<u in 
u 



<D 
g W 

O 

> o 

CO 



m m m 
• • • m m 

CM CM CM 



in m m in 
• o\ * • • 

CO CM C\ G\ O 
CM CM CM CO 



20 



25 



30 



C 

o 
o 



> 



O QJ 
3 



^ > 



-P 
C 

rH rH 

CP o 

o 
o 



o o o o o 



o o o o o 



U> CO O CM 
H H f\J CM OJ 



\o co O cm 



35 



O 
•H 
«P 

C 



\ 

rH 



O 
CO 



40 



45 



-P 
C 

rH 

a 
o 
o 



O 



50 



a 
x o 
w 



Claims 



55 



A process for the flocculation of an aqueous enzyme broth which comprises adding to said broth a 
floccuiant comprising a mixture of 1) a Mannich acrylamide polymer and 2) a dimethyldiallylammonium 
halide polymer. 
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2. A process according to Claim 1 wherein the ratio of 1) to 2) ranges from about 3:1 to about 1:30. by 
weight, respectively. 

3. A process according to Claim 1 wherein the ratio of 1) to 2) ranges from about 1:1.5 to about 1:7, by 
5 weight, respectively. 

4. A process according to Claim 1 wherein 1 ) is a Mannich homopolymer of acrylamide. 

5. A process according to Claim 1 wherein 1) is a Mannich copolymer of acrylamide containing 5-50% of 
70 a comonomer. 

6. A process according to Claim 1 wherein 1) contains 25-100 mol percent of dimethylaminomethyl 
groups. 

15 7. A process according to Claim 1 wherein 2) is a chloride. 

8. A process according to Claim 1 wherein 2) is polydimethyldiallylammonium chloride. 

9. A process according to Claim 1 wherein the enzyme is a protease. 
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10. A process according to Claim 1 wherein from about 10 to 100 grams per liter of broth of polymer blend 
is added. 



30 



35 



40 



45 



50 



55 



33 



BNSDOCID: <EP 0448926A2_I_> 



i. 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 448 926 A3 



© Application number: 91100312.7 
(g) Date of filing: 11.01.91 



EUROPEAN PATENT APPLICATION 

© int. CIA C12N 9/00, C12N 9/50 



© Priority: 05.02.90 US 474875 


© 


Applicant: AMERICAN CYANAMID COMPANY 






1937 West Main Street P.O. Box 60 


@ Date of publication of application: 




Stamford Connecticut 06904-0060(US) 


02.10.91 Bulletin 91/40 










Inventor: Cibulskas, Algrid S. 


© Designated Contracting States: 




28 Westwood Road 


AT BE CH DE DK ES FR GB GR IT LI NL SE 




Stamford, Connecticut 06902(US) 






Inventor: Asbell, Henri R. 


® Date of deferred publication of the search report: 




51 Gilrix Drte 


29.01.92 Bulletin 92/05 




Martinez, California 94553(US) 




© 


Representative: Wachtershauser, Gunter, Dr. 






Tal 29 






W-8000 Munchen 2(DE) 



© Use of blends of mannich acrylamide polymers and dimethyldiallylammonium halide polymers for 
flocculating enzyme broth streams. 

© Blends of Mannich acrylamide polymers and 
dimethyldiallylammonium halide polymers have been 
found to be superior flocculants for enzyme broth 
streams yielding higher solid compaction and great- 
er supernatant clarities than the use of either poly- 
mer alone. 



CO 

< 

eg 

O 
00 



LU 



BNSDOCID: <EP 0448926A3_L> 



Rank Xerox (UK) Business Services 



European Patent 

OOicr. 



EUROPEAN SEARCH REPORT 



Applicatkn Number 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP 91100312. 7 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to datra 



CLASSIFICATION OF THE 
APPLICATION Oat. C3.5) 



D , A 



D , A 



US - A - 4 508 825 
(KIM et al.) 

* Abstract * 

PATENT ABSTRACTS OF JAPAN, 

unexamined applications, 

C field, vol. 13, no, 69, 

February 16, 19 89 

THE PATENT OFFICE GOVERNEMENT 

page 9 C 569 

* Kokai-no. 63-258 607 
(EBARA INFILCO) * 

US - A - 4 137 164 
(COSCIA et al. ) 

* Abstract * 

US - A - 4 092 467 
(WELCHER et al. ) 

* Abstract * 



1,9 



C 12 N 9/00 
C 12 N 9/50 



TECHNICAL FIELDS 
SEARCHED (lot. CL5) 



C 12 N 
B 01 D 



The present 



report has been drawn up for all claims 



Pliee of I 

VIENNA 



Date of corapJeiioa of the scan* 

25-11-1991 



WOLF 



Je- 
er: 
O 
£*- 

o 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant If taken alone 

Y : particularly relevant If combined with another 

document of the sane category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



theory or principle underlying the invention 
earlier patent document, bit published on, or 
after the filing date 
document cited ia the application 
document cited for other reasons 



& : member of the same patent family, corresponding 



BNSDOCID: <EP 0448926A3_I_> 



